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FOREWORD 

THIS is one of a series of Engineering Monographs 
published by the British Broadcasting Corporation. 
About six will be produced every year, each dealing 
with a technical subject within the field of television and 
sound broadcasting. Each Monograph will describe work 
that has been done by the Engineering Division of the 
BBC and will include, where appropriate, a survey of 
earlier work on the same subject. From time to time the 
series will include selected reprints of articles by BBC 
authors that have appeared in technical journals. Papers 
dealing with general engineering developments in broad- 
casting may also be included occasionally. 

This series should be of interest and value to engineers 
engaged in the fields of broadcasting and of telecom- 
munications generally. 

Individual copies will cost 5s. post free, while the an- 
nual subscription is £1 post free. Orders can be placed 
with newsagents and booksellers, or bbc publications, 

35 MARYLEBONE HIGH STREET, LONDON, V/.l 
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ABSOLUTE MEASUREMENTS IN MAGNETIC RECORDING 



List of Symbols used in the Analysis 

A = Cross-sectional area of head gap 

A, = „ „ „ „ „ core 

b = Gaplength of head or width of non-magnetic conductor 

By ~ Surface induction (normal component of induction at tape surface in free space) 

c ~ Thickness of tape magnetic coating 

d ~ Depth of the non-magnetic conductor 

E ~ Reproduced e.m.f. 

-ff, — Intensity of recording field 

I = Signal current in recording head 

Jx ^ Intensity of magnetization in the tape 

K ~ Head sensitivity (Hj;/I) 

A^ = Number of turns on head 

r = Total reluctance of head core and gaps 

V = Tape speed 

H" — Tape width 

Tj = Tape sensitivity (Jx/H J 

A ~ Wavelength of recorded signal 

/i = Tape permeability 

Ij-c = Permeability of the head core 

-=Flux 

Electromagnetic units are used throughout, unless otherwise stated. 



1. Introduction 

The most difficult aspect of standardization in magnetic 
recording, namely frequency characteristic standardiza- 
tion, has received considerable attention and procedures 
have now been established^ whereby a machine can be 
adjusted to conform to an agreed frequency characteristic 
within satisfactory tolerances. Certain basic definitions 
have been adopted in describing these procedures. Thus 
the fundamental overall response or sensitivity of a tape 
recorder can be defined as the ratio E/I, where /, the signal 
current in the recording head, and E, the reproduced 
e.m.f corresponding to /, are both easily determined 
quantities. It is logical to express the overall sensitivity as 
the product of a recording and a reproducing sensitivity 
but this necessitates introducing a third quantity indicative 
of the magnetic state of the recorded tape. The quantity 
which has been accepted for this purpose is the magnetic 
induction 5^, normal to the surface of the recorded tape 
when out of contact with the magnetic heads. Thus the 
recording sensitivity is defined as the ratio B^fl and the 
reproducing sensitivity is defined as the ratio E/B^ In 
connection with frequency characteristic standardization, 
the frequency- variation of these quantities, rather than 
their absolute values, has been of interest. 

This monograph deals first with the question of measur- 
ing the absolute magnitude of surface induction — a neces- 
sary adjunct to the standardization of recorded level. 



Secondly, consideration is given to the possibility of 
measuring the absolute sensitivity of the various parts of 
the recording-reproducing chain, with particular refer- 
ence to formulating a reasonable unequivocal representa- 
tion of 'tape sensitivity'. Hitherto there has been no 
established method of quoting tape sensitivity other 
than by comparing one tape with another, well-known, 
variety. 

The measurement of surface induction By at medium 
wavelengths presents no great difficulty. A direct measure- 
ment can be made using a non-magnetic conductor of 
exactly the same type as that previously described in con- 
nection with frequency characteristic standardization.^ 

The question of determining tape sensitivity is more 
complex since, at first sight, it must involve measurement 
of the recording field. It can be shown, however, that a 
direct measurement of recording field is unnecessary if 
the system obeys the form of reciprocity suggested by 
"Westmijze.' An application of this principle enables the 
sensitivities of both a head and a tape to be expressed in 
terms of a measured value of surface induction, and the 
recording current and reproduced e.m.f. associated with 
this value of induction. This assumes that the same head, 
of specified gaplength, is used for both recording and re- 
producing. The particular definitions of head and tape 
sensitivities suggested are, it is believed, those most clearly 
indicative of the physical processes involved. 



2. Measurement of Surface Induction 

The only completely satisfactory known method of 
measuring surface inductionis by means of a non-magnetic 
conductor head. An analysis of the action and details of 
the construction of this device have been given else- 
where.^ 



Tapi 
velocity V 




Reproduced c m.f 

Fig. 1 — Reproduction by means of a conductor head 



When a sinusoidally recorded tape is moved across the 
correctly aligned conductor, an e.m.f. is produced between 
the ends of the conductor which is related to the value of 
surface induction by the expression 



E = vwB. 



1 — exp(— 27rd'/A) sin(7rA/A) 



A/27rrf 



■nbjX 



.(1) 



the position of the various dimensions being illustrated in 
Fig. 1. 

Experiments using conductors of varying cross-section 
in contact with the tape have been shown^ to provide the 
same measure of surface induction providing that the 
correct relative constants are embodied in the expression 
defining the head output. In the present instance an 
absolute measurement of e.m.f. is required at only one 
wavelength which can be chosen so that the conditions 
d> X and A>^ are easily fulfilled. The value of induction is 
then given closely by 



5 = liTdEjywX 



(2) 



A reliable calculation of induction can be made using 
this expression provided the depth of the conductor is pre- 
cisely known and care is taken, when determining the 
e.m.f., to carry out an accurate calibration of the trans- 
former and high-gain reproducing amplifier. If the con- 
ductor head and transformer are suitably designed the 
signal/noise ratio should be quite adequate. 

To illustrate the method and to obtain an idea of the 
magnitude ofsurfaceinductionwhich may be encountered, 
a measurement was made on a tape recorded at 15 in/sec 
with a 1 kc/s signal at a standard level of an order some- 
times used in practice. 

The dimensions of the conductor were: d = 37-9 mil 
(0-096 cm), Z) — 0' 5 mil (0-00127 cm). The wavelength of 
a 1 kc/s signal recorded at 15 in/sec is 15 mil (0-0381 cm), 
BO that the use of the approximate equation (2) is justified. 



The r.m.s. value of the e.m.f. between the ends of the 
conductor was found to be 0-0435 ^V (4-35 e.m.u.). This 
corresponds to an r.m.s. value of surface induction given 
by 

By = 2- 84 gauss 

This value corresponds to a recorded level more than 20 db 
below the overload point of modern tapes. Recent Ameri- 
can measurements* giving a value of some 20 gauss, 
obviously correspond to a level much nearer this point. 

It is of interest to work out the algebraic sum of the flux 
emanating from a wavelength on the tape recorded at the 
lower level. Using a loss-free recording system, the flux 
would be the same at all wavelengths, since surface induc- 
tion is inversely proportional to wavelength. The flux, 0-^, 
from one wavelength will be given by 

A/2 



0^ = 2w By cos (2i7;t/A) dx. 



Using the above figures this gives a value 

^A =0-03Mine 

which represents the maximum amount of flux fed to a 
head during reproduction of a tape recorded with the 
lower standard level. Thus during the reproduction of low 
level signals, which may be some 50 db below the standard 
level, the head can receive a flux of less than a hundredth of 
a line and still provide an acceptable signal/noise ratio. 



3. Measurement of Head and Tape Sensitivities 

3.1 Basic Analysis and Definitions 

The analysis of the recording-reproducing process here 
given is valid only for reasonably Jong wavelengths, i.e. for 
wavelengths considerably greater than gaplength or tape 
thickness but small compared with the overall dimensions 
of the head and the width of the tape. Thus it will be as- 
sumed that in traversing the recording-head gap, an ele- 
ment of tape experiences a longitudinal signal field which 
is of uniform intensity within the precincts of the gap and 
zero outside these limits. The actual mechanism of h.f. 
biasing will be ignored and the bias regarded purely as a 
linearizing catalyst in the recording process. 

In the absence of the tape, let the recording field a dis- 
tance >■ above the head surface be given by 

H^=Kl (3) 

where K, the 'head sensitivity', is a function of the core 
shape and permeability, the number of turns in the mag- 
netizing coil and the gaplength. The effect of bringing the 
tape into contact with the head is to reduce H^ by a factor 
of approximately AI{A'\-ti.wc). However, since wc-^ A and 
y. is not likely to be greater than 5, the reduction in H^ is 
quite negligible and it is safe to assume that (3) also gives 
the recording field in the presence of the tape. 



Thus, referring to Fig. 2, the recording flux created in an 
element of tape of area w5y by a recording current / is 
given by 



S^ = [j,H . wBy = IJ.KI . w8y 



(4) 



When the element leaves the gap this flux will fall to 
some remanent value corresponding to a remanent inten- 
sity of magnetization J^. Since, when bias is used, the 
recording process is known to be accurately linear, J^ must 
be proportional to H^. Let the 'tape sensitivity', tj, be 
defined by the equation 



J, = r,H^ = r^Kf. 



(5) 
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Fig, 1 — Geometry of system used in basic analysis 



Then, on leaving the gap, an element of tape of area w^y 
and length Sx has a magnetic moment given by 

1^ 






(6) 



The problem now is to calculate what flux this element 
excites in the core of the same head subsequently used as a 
reproducing head. In order to do this, a reciprocity prin- 
ciple will be used which can be conveniently stated as 
follows : 

If a current / through a head coil of iV turns excites in an 
element of tape of given area a flux 80, then a current NI 
flowing round the element will excite a flux of the same 
value 50 in the head core. 

In the element of tape considered above, the magnetiza- 
tion is equivalent to a peripheral current of magnitude 



^, m r,IK „ 

r = —^ ^ — - . hx 

why fi. 



(7) 



On reproduction, therefore, the element excites in the bead 
core a flux 



^<^'-^r^='^-'^'y 



(8) 



Hence the flux produced by the whole tape is given by 







' = -]" [dxl-nK^dy. 



.(9) 



If A is sufficiently greater than b for I to remain substan- 
tially constant while an element of tape traverses the gap, 
then equation (9) can be written 



oo 



c 

TjK'dy 



Finally it is to be assumed that A'is uniform within the gap 
and zero outside and is constant throughout the tape thick- 
ness. The latter assumption implies that -^ is also constant 
throughout the thickness and the flux is, therefore, given 
by: 

tl2 c 

\dx\dy (10) 

-^b/2'^0 



wl 



whence 



0- = 



wcbTjK^I 



(11) 



The validity of this last assumption is discussed further at 
a later stage. The reproduced e.m.f. is given by 



£-- 



Nd^' 



^-vN 



d^' 



dt "■ dx 

or, regarding £ and 0' as the r.m.s. values of e.m.f. andflux, 

2i7vA'0' 
E= — ^- 



so that, substituting for 0' from (1 1) 

l-nywcb-qKH 



E^ 



(12) 



or 



the 'overall sensitivity' of the system is given by 

E _ Invwcb-qK' 

1 ~ ' A ^ ^ 



As might be expected, this shows that the overall sensi- 
tivity of the system is proportional to the tape speed, the 
tape sensitivity, the cross-sectional area of the tape and the 
square of the head sensitivity but inversely proportional 
to the wavelength of the recorded signal. 

The next step in the analysis is to separate the overall 
sensitivity into the sensitivities of the recording and repro- 
ducing processes. This means introducing the concept of 
'surface induction', B^, which is now generally accepted as 
the quantity to be used to define the magnitude of the 
recorded signal. Now, if A > c, the relation between B^. and 
J^ is given to a close approximation by^ 

B.^KU (14) 



for a sinusoidalJy recorded tape in free space. This relation 
was deduced assuming a tape permeability of unity but it 
can be shown* that the values of permeability likely to be 
encountered in practice should have a quite negligible 
effect at long wavelengths. Putting -qKI = J^ in (12) 

E- -^^J, (15) 

so that substituting for/^ from (14), the 'reproducing sensi- 
tivity' of the system is given by 

E vwbK 

ir^ ('"^ 

Eliminating E from (13) and (16) gives the 'recording 
sensitivity' as 

I ~~ A 



.(17) 



The reproducing sensitivity is thus shown \o be propor- 
tional to tape speed, head sensitivity, tape width, and gap- 
length. Since in most heads the major proportion of the 
reluctance is in the gap, K is approximately inversely pro- 
portional to b, and the reproducing head sensitivity tends 
to be independent of gaplength. It is, naturally enough, 
independent of tape thickness — one of the advantages of 
expressing the strength of a recorded signal in terms of 
surface induction rather than, say, intensity of magnetiza- 
tion which has been, at times, suggested. The recording 
sensitivity, on the other hand is proportional to tape sensi- 
tivity, head sensitivity, and tape thickness. It is, of course, 
inversely proportional to wavelength which is another way 
of stating that constant recording current creates in an 
ideal system an induction rising at 6 db/octave with signal 
frequency. 

Finally it is clear from (16) and (17) that the sensitivities 
of the head and tape can be expressed in terms of measur- 
able quantities. Thus the head sensitivity is given by 

K^^-l (18) 



vwb B. 



and the tape sensitivity by 



vXwb Bl 
8^ ' EI 



(19) 



An alternative derivation of these expressions is given in 
the Appendix. 

3-2 Specification of Gaplength of the Head 

The weak point in the foregoing formulation of tape 
sensitivity is that it is based upon the assumption that the 
strength of the recording field does not decrease through 
the thickness of the tape. For a given gaplength the way in 
which the field intensity in the central region of the gap 
decreases through the tape thickness can be calculated* and 
an attempt could be made to carry out the integration of 
(8) taking this into account. Such an attempt would, how- 
ever, be meaningless unless the corresponding fall-off in 
bias field and its effect on tape sensitivity were included and 
this, as has been shown elsewhere % leads to results of such 



complexity that an acceptable formulation of tape sensi- 
tivity would no longer be practicable. 

The alternative is to specify the gaplength of the head so 
that, although non-uniform, the distribution of recording 
field is always the same through a given tape thickness. 
The symbols ^ and/may then be regarded as representing 
the mean values of tape sensitivity and intensity of mag- 
netization through the tape thickness. The suggested value 
of gaplength for this purpose is 1 mil (000254 cm). This, 
whi[e small compared with the standard wavelength of 
15 mil (0-0381 cm), corresponding to a 1 kc/s tone 
recorded at 15 in/sec, is sufficiently large to ensure that 
the recording field distribution does not fall too rapidly 
through the thickness of the average coated tape (the 
range likely to be encountered is of the order of ■ 4 to • 6 
mil). It will be well, however, if a practice is made of always 
giving the coating thickness when quoting tape sensi- 
tivities. 

As a general check on the validity of the procedure, 
measurements were made of the relative recording and 
reproducing sensitivity of three ring-type reproducing- 
recording heads having a standard gaplength of 1 mil but 
otherwise with important differences. Head A was a con- 
ventional commercial reproducing head with tapered 
pole-tips ; Head B was a commercial recording head used 
back-to-front so that the pole-tips were not tapered; 
Head C was a conventional commercial recording head. 
If the general conclusions resulting from the reciprocity 
principle are correct, the relative sensitivities of the heads 
should be the same when used for recording or reproduc- 
ing. The Table below, giving the results obtained, shows 
this to have been the case, to within the limits of accuracy 
to be expected. 

Relative Relative 

Head Recording Sensitivity Reproducing Sensitivity 

dB dB 

AC 

B -15-2 -14-4 

C - 5-5 - 5-0 



3.3 Suggested Procedure 

The suggested practical procedure is as follows : 
(i) Aconventional type recording head is dismantled and 
reassembled with a gap spacer of 1 mil (0-00254 cm). 

(ii) A recording is made, using this head and the tape 
under test, of a 1 kc/s signal at 15 in/sec (38-1 cm/ 
sec), with the bias adjusted to give maximum sensi- 
tivity. The recording level is not critical so long as 
non-linearity is avoided. The recording current, /, 
used is measured. 

(iii) The r.m.s. value ofthe surface induction, 5 , recorded 
on the tape is measured by means of a non-magnetic 
conductor head, as previously described. 

(iv) The tape is again reproduced using the recording 
head now as a reproducing head and the open circuit 
voltage, E, across it is measured. 



(v) With the values of/, B^. and E so measured the tape 
sensitivity can be calculated from the relation 



Bl 



Tj = 740 ■ ^. e.m.u 



EI 



(20) 



where B^ is in gauss, / in microamperes and E in 
microvolts. The assumed constants of the system are 

= 15 in/sec (38 ■ 1 cm/sec) 

- 15 mil (0-0381 cm) 
= 0-25 in. (0-0636 cm) 

- 1 mil (0-00254 cm) 
= 0-5 mil (0-00127 cm). 

If the thickness of the tape coating differs appreciably 
from the value of • 5 miJ the appropriate correction should 
be made. 



and 
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APPENDIX 



It is of interest to observe that an alternative, though not 
so rigorous, derivation of(l 8) and (19) is possible, in which 
the reciprocity principle is not expHcitly stated. Instead, 
use is made of an expression for the reproducing head 
response which derives from a consideration of the reluc- 
tance of the paths open to the tape flux upon entering the 
core. The full derivation of this expression is given else- 
where.^ The result can be written in the form : 



—- = 2v^Vm'. • - sm -r 

B r IT A 



(21) 



where the factors IjA and ili^^A^ are, in effect, the reluc- 
tances per unit length of the gap and core respectively, and 
r is the total reluctance of the core including that of a pos- 
sible rear gap. In all practical cases A^^A and i^^§> 1 so 
that \IAp]j{j.^A^. Also, in the present instance only long 
wavelengths are of interest, so that (A/tt) sin (7r/7/A)=; ft. To 
a close approximation, therefore, (21) can be written 



B.. 



2Nvwb 
Ar 



(22) 



Now, when the same head is used as a recording head, 
a current /through the coil will produce a field in the gap of 

value 



H.= 



AttNI 



Ar 



(23) 



Let the field strength /f,, a distance y above the head 
surface, be given by 

H.-^aH^ (24) 

where a can be regarded as a leakage factor of value less 
than unity. Then from (23) and (24) the head sensitivity is 
given by 

H^ __ 4naN 
1 ~ Ar 
or combining this with (22) 

lira E 
vwb By 
Now by definition, the tape sensitivity is given by 



K 



K = 



(25) 



Putting H^ - 


^ KI and makin 
, this becomes 

A 


g use 

B, 
f 


of 


(14) 


to 


write 


and substituting for A" from (25) 

vXwb 


EI ■■ 








,.(26) 



These expressions for K and -q approach those of equations 
(18) and (19) as the leakage factor a tends to unity. In 
other words the two sets of results are approximately 
equivalent if it is assumed that the recording field strength 
drops very little through the thickness of the tape. 



Summaries of some recent BBC Patent Applications 



PAT. APP. NO. 25010/54 

PHASE QUADRATURE TRANSMISSION 
SYSTEM 

Inventor G. J. PHILLIPS 

The statement of invention reads: 

According to one aspect of the present invention in a transmitter 
system of the kind specified the transmitter is adapted to generate at 
two separate output terminals thereof two waves of substantially 
equal power in phase quadrature and the transmission line (or lines) 
inciudes a phase-shifting network connected to the two output ter- 
minals and to the load, the phase shifting network being such as to 
bring the two waves into phase at the load and to prevent waves 
reflected at the load from being transmitted back to the load after 
reflection at the transmitter. 



The invention is an arrangement intended to enable reflections 
down the feeder system of a television system, or other systems in 
which a delayed signal is harmful, to be almost completely absorbed 
at the transmitter end of the feeder or, alternatively, by the use of 
two similar sections of the aerial in parallel, to be re-radiated in a 
harmless manner. It is particularly applicable to television systems 
in which long feeders of low loss are usually employed. In such 
systems, unless the aerial is kept very well matched over the band of 
frequencies that is being transmitted, reflections may be such as to 
cause an observable 'ghost' image on the television picture. The 
invention permits a greater degree of mis-match of the aerial to the 
feeder than can be tolerated with other arrangements in use. 



PAT. APP. NO. 27699/54 

TELEVISION SIGNAL PICTURE CONTENT 
FADER 

Inventors F. J. PADDOCK and F. H. RICE 

The statement of invention reads: 

According to one aspect of the present invention there is provided 
change-over apparatus for selectively connecting to an output circuit 
either of two sources of television signals each generating at least 
television synchronizing pulses which are in phase with one another, 
the apparatus comprising a composite fader connected between the 
two sources and tJie output circuit and adapted for varying dif- 
ferentially the amplitudes of the signals fed there throu^ to the 
output circuit in such a manner that the synchronizing pulses 
generated in the output circuit do not vary substantially in ampli- 
tude during operation of the fader. 



The invention is an arrangement which enables either of two 
sources of television signals to be selected. It provides facilities to 
enable a complete fade-out to be achieved on one source before the 
second source is faded in or, alternatively, it may be arranged to mix 
the two sources during the change-over period. The amplitude of the 
synchronizing pulses is maintained substantially constant through- 
out and, providing these are initially in phase, a smooth change-over 
will be effected without visible frame slip in associated receivers. 



WETTING OF CONTACTS IN PROGRAMME CIRCUITS 



The method of establishing reliable contacts carrying small alter- 
nating currents by means of 'wetting' is well known. It is generally 
inapplicable to balanced audio circuits used in broadcasting because 
of the noise introduced when the contacts are made, broken, or 
disturbed. By adopting the technique shown in the Fig. these dis- 
advantages are overcome and the beneficial effects of wetting 
retained. 



Points to be noted are: 

(i) 'Wetting' current can be removed without adverse efl"ect once 
a reliable contact is established; this is automatically achieved 
by the discharge of a condenser {K). 



(ii) 'Wetting' current can be applied to a balanced programme cir- 
cuit which is already established by means of a bridge circuit as 
shown. 



(iii) It is necessary that the contact c shall close aft^r (f EWd b have 
closed to satisfy the conditions in (ii) above, 



PROGRAMME 
SOURCE 




PROGRAMME 
DESTINATION 



Suitable values for a 600/600 ohm programme circuit are: 
R, = 2 kilohms 
Ra = 20 kilohms 
K -0'5|xf 
V = 50 volts 
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